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Our objective was to evaluate the effect of genotype by environment (G E) interaction for body weight
(BW) of meat-type quails (Coturnix coturnix) during the growing period using two strains (LF1 and LF2) to
changes in the dietary (methionineþcystine):lysine ([MetþCys]:Lys) ratio. A total of 4512 records, col-
lected during the initial phase (day 14 and 21), and ﬁnal phase (day 28 and 35), was used for analyses.
During the initial phase, quails were fed diets with increasing (MetþCys):Lys ratios (0.61, 0.66, 0.71, 0.76,
and 0.81), containing 26.1% crude protein (CP) and 2900 kcal ME/kg; and during the ﬁnal phase, quails
were fed a single diet containing 22% CP and 3050 kcal ME/kg. A single-trait animal model, including sex
as the ﬁxed effect, (MetþCys):Lys ratio as the control variable, and breeding value as the random effect,
was utilized for analyses. The Legendre polynomial of second order was utilized for the analysis of the
GE (nutritional levels) interaction using reaction norm. Genetic variance and heritability estimates
varied according to the nutritional gradient. The LF2 strain had greater sensitivity to changes in the
dietary (MetþCys):Lys ratio compared with LF1, and greater residual effect of diets provided during the
initial phase of the growing period. Genetic evaluations for quails fed different dietary (MetþCys):Lys
ratio provided changes in the predicted BW breeding values. We conclude that selection population must
be fed with same dietary (MetþCys):Lys ratio that commercial populations are fed.
& 2015 Elsevier B.V. All rights reserved.1. Introduction
Phenotypes of certain traits are a function of not only genetic
and environmental values variation, but also the genotype by en-
vironment (GxE) interaction which animals are subjected. Thus,
when considering multiple environments, animal performance are
due to genetic and environmental effects, and also the interaction
between these factors that can lead to different animal perfor-
mance according to environmental gradient (Fridrich et al., 2008;
Pégolo et al., 2009; Cardoso and Tempelman, 2012). Animals
should be selected on improved environmental conditions, with
proper feeding and management, so that they could better express
the traits of interest. In this situation, more accurate estimates of
breeding values could be obtained due to minimized inﬂuence of
environmental origin.
Besides determination of nutritional levels of each amino acid
for quail nutrition, it is important to assess the ratio amongces, Federal University of Je-
- Km 583, 5000, Diamantina,
Martins).different amino acids because body proteins have a certain amino
acidic ratio. For instance, the common (methionineþcystine):ly-
sine ([MetþCys]:Lys) ratio utilized for meat-type quails is 0.36 and
0.18 during the growing period (day 1 to 21 and day 22 to 35,
respectively; Veloso et al., 2015); changing this ratio affects their
performance (Ferreira et al., 2012).
The assumption that classical models of genetic evaluation
assign to each animal a valid breeding value to any environment is
not always true. The reason is because, for certain traits, hetero-
geneity of variance or changes in the ranking of estimated
breeding values for different environments can occur. Models that
evaluate animal performance according to continuous environ-
mental gradient enable prediction and comparison of breeding
values in addition to the estimation of genetic variance within the
range of the environmental gradient (Kolmodin et al., 2003; Knap
and Su, 2008). Conversely, reaction norm models are an interest-
ing approach because these models utilize linear functions to re-
late the genetic merit of animals in different environmental gra-
dients. The random intercept and slope estimates of these models
allow the inference of genetic differences among individuals, as
well as heritability and genetic correlations over different en-
vironmental classes.
Table 1
Nutrient composition of diets provided to meat-type quails (Coturnix coturnix) from
birth to 21 days of age.
Dietary (methionineþcystine):lysine ratio
0.61 0.66 0.71 0.76 0.81
Ingredients, %
Corn meal 50.97 50.97 50.97 50.97 50.97
Soybean meal 34.11 34.11 34.11 34.11 34.11
Corn gluten meal 10.0 10.0 10.0 10.0 10.0
Limestone 1.22 1.22 1.22 1.22 1.22
Dicalcium phosphate 1.16 1.16 1.16 1.16 1.16
White-stock salt 0.38 0.38 0.38 0.38 0.38
Mineral premixa 0.20 0.20 0.20 0.20 0.20
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turnix coturnix), estimated for different ages through multi-trait ap-
proaches, were previously reported by Saatci et al. (2006), and random
regression models based on age were reported by Akbas et al. (2004)
and Dionello et al. (2006). However, reports regarding continuous het-
erogeneity of these parameters, as well as when changing the (Metþ-
Cys):Lys ratio, or regarding the heterogeneity of sensitivity of predicted
additive breeding values (due to gradual environmental change which
characterize the GE interaction) are scarce. Accordingly, our objective
was to evaluate the effect of GE interaction for BWofmeat-type quails
during the initial (from birth to 21 days of age) and ﬁnal phases (from 22
to 35 days of age) to changes in dietary (MetþCys):Lys ratio using re-
action norm models with homogeneous residual variances.Vitamin premixb 0.20 0.20 0.20 0.20 0.20
Choline chloride (60%) 0.01 0.01 0.01 0.01 0.01
L-Lysine HCl (78%) 0.23 0.23 0.23 0.23 0.23
DL-Methionine (99%) 0 0.07 0.13 0.19 0.25
L-Threonine 0.12 0.12 0.12 0.12 0.12
L-Isoleucine 0.06 0.06 0.06 0.06 0.06
L-Arginine 0.34 0.34 0.34 0.34 0.34
L-Glutamic 0.50 0.43 0.36 0.31 0.24
Starch 0.50 0.50 0.51 0.50 0.51
Total 100.0 100.0 100.0 100.0 100.0
Calculated composition
Metabolized energy,
kcal/kg
2900 2900 2900 2900 2900
Crude protein, % 26.12 26.12 26.12 26.12 26.12
Calcium, % 0.85 0.85 0.85 0.85 0.85
Available phosphorus,
%
0.32 0.32 0.32 0.32 0.32
Sodium, % 0.17 0.17 0.17 0.17 0.17
Crude ﬁber, % 2.72 2.72 2.72 2.72 2.72
Digestible amino acids,
%
Lysine 1.25 1.25 1.25 1.25 1.25
MethionineþCystine 0.76 0.83 0.89 0.95 1.01
Tryptophan 0.212 0.212 0.212 0.212 0.212
Threonine 0.987 0.987 0.987 0.987 0.987
Arginine 1.798 1.798 1.798 1.798 1.798
Isoleucine 1.075 1.075 1.075 1.075 1.075
Valine 1.104 1.104 1.104 1.104 1.104
a Composition: Manganese: 160 g/kg; Iron: 100 g/kg; Zinc: 100 g/kg, Copper:
20 g/kg; Cobalt: 2 g/kg; and Iodine: 2 g/kg.
b Composition: Vitamin A (retinyl acetate): 12.000.000 IU/kg; Vitamin D3:
3.600.000 IU/kg; Vitamin E (α-tocopherol): 3.500 IU/kg; Vitamin B1: 2.500 mg/kg;
Vitamin B2: 8.000 mg/kg; Vitamin B6: 5.000 mg/kg; Pantothenic acid: 12.000 mg/
kg; Biotin: 200 mg/kg; Vitamin K: 3.000 mg/kg; Folic acid: 1.500 mg/kg; Niacin:
40.000 mg/kg; Vitamin B12: 20.000 mg/g; and Selenium: 150 mg/kg.2. Materials and methods
The experiment was conducted in the Aviculture Sector facil-
ities of the Federal University of Jequitinhonha and Mucuri Valleys
(‘Universidade Federal dos Vales do Jequitinhonha e Mucuri’; UFVJM),
in Diamantina, Minas Gerais state, Brazil (43°34'W and 18°12'S).
Animals utilized in this experiment were cared for by acceptable
practices, as outlined in the Guide for the Care and Use of Agri-
cultural Animals in Research and Teaching for poultry (FASS, 2010),
adapted to quails. In addition, the research protocol was reviewed
and approved by the UFVJM, Committee of Ethics on the Use of
Animals (approval number 031/2012).
2.1. Animals, management, and diet
Starting in May 2013, 1490, purebred, meat-type quails from
two strains (LF1 and LF2), pertaining to progenies of 80 sires and
160 dams, belonging to the Quail Breeding Program of the UFVJM
Department of Animal Sciences, were housed in ﬁve 6.0 m2 avi-
aries, all located in a covered barn, with wood shavings litter. The
LF1 strain was derived from a commercial ﬂock; from the original
ﬂock, 200 sires and 400 dams (the heaviest quails) were selected
and randomly mated for three generations. Currently, the LF1
strain is in the 15th generation, focusing on BW. The LF2 strain, on
the other hand, was originated from another commercial ﬂock,
and the same selection process was carried out, and currently this
strain is in the 14th generation, also focusing on BW. Offspring of
dams were randomly assigned into aviaries. The minimum and
maximum number of offspring per sire were 5 and 17, and per
dam were 3 and 10, respectively. Infrared lamps (250 W) were
available 24 h a day until day 21 to provide artiﬁcial heating. After
day 21, quails were not subjected to artiﬁcial lighting scheme. In
each aviary, approximately 250 quails were present, with similar
proportion of each strain. During the initial phase (from birth to 21
days of age), diets containing (MetþCys):Lys ratio of 0.61, 0.66,
0.71, 0.76, and 0.81, with 26.1% crude protein (CP) and 2900 kcal
ME/kg were randomly assigned to each aviary (Table 1). During
the ﬁnal phase (22 to 35 days of age), quails were fed a single diet
containing 22.0% CP and 3050 kcal ME/kg (Table 2). Diets and
water were provided ad libitum. Sex was determined on day 28.
Quails were weekly weighed throughout the experiment.
2.2. Data and analyses
A database with 4512 records of BW, measured at 14, 21, 28,
and 35 days of age, of LF1 and LF2 strains, was utilized for analyses
(Table 3). In addition, the database contained data of sire, dam, sex,
and (MetþCys):Lys ratio provided. Records of quails missing sex
data and outliers for BW (3 times the standard deviation [SD]
above and below the mean [mean73*SD]) were removed from
the database (Table 3).A single-trait animal model, which included sex as ﬁxed ef-
fect, (MetþCys):Lys ratio as the control variable, and breeding
values of quails for BW in each weighing date as the random
effect (considering homogeneous residual variances), was used
for the analysis of BW. Fixed effects of sex, and random additive
genetic effects were modeled by orthogonal Legendre poly-
nomials of second order adjusted with regression coefﬁcients
(ﬁxed or random, according to the effect). The model used for
analysis was deﬁned as:
∑ ∑= Φ ( ) + Φ ( )+y b p a p ehij jk hk hij
k-0
1
k i
k-0
1
k i
in which: yhij is the record of BW of animal h, sex j, fed a
(MetþCys):Lys ratio diet i; bjk is the ﬁxed regression coefﬁcient
associated with Legendre polynomial k attributed to sex j; ahk is
the random regression coefﬁcient k of direct additive genetic
effect attributed to animal h; Φk(pi) is the normalized Legendre
polynomial k attributed to transformed (MetþCys):Lys ratio (-1
to 1 scale) on observation i; and ehij is the residual associated
with observation yhij, which was the only effect not considered
as a function of the dietary (MetþCys):Lys ratio.
Table 2
Nutrient composition of diets provided to meat-
type quails (Coturnix coturnix) from 22 to 35 days of
age.
Ingredients, g/kg Composition, %
Corn meal 58.48
Soybean meal 37.79
Limestone 0.93
Dicalcium phosphate 0.82
White-stock salt 0.34
Soybean oil 1.04
Mineral premixa 0.20
Vitamin premixb 0.20
L-Lysine HCl (78%) 0.00
DL-Methionine (99%) 0.18
Total 100.00
Calculated composition
Metabolized energy, kcal/kg 3050.00
Crude protein, % 22.00
Calcium, % 0.70
Available phosphorus, % 0.27
Sodium, % 0.15
a Composition: Manganese: 160 g/kg; Iron:
100 g/kg; Zinc: 100 g/kg, Copper: 20 g/kg; Cobalt:
2 g/kg; and Iodine: 2 g/kg.
b Composition: Vitamin A (retinyl acetate):
12.000.000 IU/kg; Vitamin D3: 3.600.000 IU/kg;
Vitamin E (α-tocopherol): 3.500 IU/kg; Vitamin B1:
2.500 mg/kg; Vitamin B2: 8.000 mg/kg; Vitamin B6:
5.000 mg/kg; Pantothenic acid: 12.000 mg/kg;
Biotin: 200 mg/kg; Vitamin K: 3.000 mg/kg; Folic
acid: 1.500 mg/kg; Niacin: 40.000 mg/kg; Vitamin
B12: 20.000 mg/g; and Selenium: 150 mg/kg.
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β α= + +y X Z e
in which: y is the vector of observations; β is the vector of re-
gression coefﬁcients of ﬁxed trajectory attributed to each sex; a is
the vector of random regression coefﬁcients attributed to direct
additive genetic effects; X and Z are incidence matrices for the
effects in β and α respectively, including the Legendre polynomials
relative to the control variable (dietary [MetþCys]:Lys ratio)
adopted; and e is the vector of random residuals. Maternal effects
were not considered in the current study because all dams had
progenies randomly distributed in all dietary (MetþCys):Lys
ratios.
The models assumptions were:Table 3
Number of observations of body weight at 14, 21, 28, and 35 days of age of meat-type q
dietary (methionineþcystine):lysine ([MetþCys]:Lys) ratio.
Strain Age, day Dietary (MetþCys):Lys ratio
0.61 0.66 0.71 0.76 0.81
LF1 14 120 120 126 115 100
21 114 102 114 95 86
28 114 102 115 98 88
35 118 48 127 109 97
LF2 14 129 131 142 123 106
21 129 129 140 122 106
28 128 128 142 123 103
35 124 48 133 114 104
a Number of animals that had relationship with the pedigree ﬁle.
b Missing data.
c Deaths occurred from the previous date until the current date of observation.⎜ ⎟
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in which: σb20 and σb
2
1 are components of variance attributed to
regression coefﬁcients of Legendre polynomial relative to the in-
tercept and to slope attributed to genetic effect, respectively;
σb b0 1 is the component of covariance between the intercept and the
slope attributed to the genetic effect; σe2 is the component of re-
sidual variance; A is the matrix of numerators (7 generations of
pedigree; Table 3) of Wright's coefﬁcient of relationship (Wright,
1922); and n is the number of observations.
The equation σ = ′Z GZaih i h, in which Φ Φ=[ ( ) ( )]Z i ii 0 1 , and Φ Φ=[ ( ) ( )]Z h hh 0 1 ,
was used to obtain the additive genetic covariance between dietary
(MetþCys):Lys ratio i and h.
Covariance components attributed to each random effect were
estimated by using the Wombat (Meyer, 2006) software, using the
Average Information algorithm of the Restricted Maximum Like-
lihood approach. The vector of parameter estimates from the last
iterate was changed to 109. Covariance functions were used to
estimate the genetic covariance structure and the direct herit-
ability according to the dietary (MetþCys):Lys ratio.3. Results and discussion
3.1. Descriptive statistics and genetic parameters estimates
The description of BW data after consistency analysis for each
dietary (MetþCys):Lys ratio for both strains is depicted in Table 4.
Correlations between random regression coefﬁcients of the
intercept and the linear regression regarding the direct additive
genetic effect had lesser magnitudes (tended more to 1) for LF2
compared with LF1, and were signiﬁcantly different from 1 (Ta-
ble 5). The correlation between the random regression coefﬁcient
slope and the linear coefﬁcient of the direct additive genetic effect
of LF1 were negative and very weak for BW on day 35 (0.05).
Similar result was observed for LF2 also on day 35 (0.27). On day
28, this correlation was greater for LF1 (0.99) compared with LF2
(0.94), indicating that these values are associated, respectively,
with greater and less values coefﬁcient of linear regression (Ta-
ble 5). Accordingly, these correlations provided distinct changes on
breeding values for each strain when increasing the environmental
gradient. The correlation between the intercept and the slope of
the reaction norm equation is related with changes in breedinguails (Coturnix coturnix) from LF1 and LF2 strains utilized in analyses, according to
Records Relationship matrixa Missing data and deathsb Outliersc
581 923 64 51
511 853 142 43
517 853 154 25
499 837 171 25
631 1115 20 82
626 1110 41 46
624 1108 74 15
523 1057 170 20
Table 4
Descriptive statistics of body weight data collected during the experiment from meat-type quails fed different (methionineþcytine):lysine ([MetþCys]:Lys) ratio.
Strain Age, day Dietary (MetþCys):Lys ratio SEMa SDb CVc
0.61 0.66 0.71 0.76 0.81
LF1 0 9.44 9.58 9.43 9.56 9.51 0.045 0.930 9.77
7 28.79 31.97 31.44 34.62 34.83 0.245 5.052 15.75
14 65.14 72.15 77.43 84.64 84.60 0.665 13.711 17.89
21 128.28 122.19 135.03 148.38 151.15 0.969 19.981 14.49
28 181.84 183.69 198.57 201.59 205.63 1.292 26.653 13.67
35 241.32 245.11 251.08 248.97 255.16 1.251 25.780 10.38
LF2 0 9.17 8.94 9.16 9.07 9.26 0.041 0.912 10.05
7 27.07 28.73 29.19 31.58 33.29 0.214 4.810 16.09
14 60.77 67.00 72.33 77.54 81.28 0.575 12.944 18.01
21 120.08 115.26 128.71 138.72 144.27 0.847 19.044 14.58
28 169.74 172.68 187.94 188.29 196.52 1.077 24.222 13.72
35 233.81 233.00 241.51 239.70 247.52 1.056 23.753 9.91
a Standard error of the mean.
b Standard deviation.
c Coefﬁcient of variation.
Table 5
Components of (co)variances attributed to the intercept (b0) and linear (b1) re-
gression coefﬁcients of the addictive genetic effect for body weight, components of
residual variances, and estimated correlations for LF1 and LF2 at 14, 21, 28 and 35
days of age.
Strain LF1
Age, day σb b0 1 σb0
2 σb1
2 σe2 rb b0 1
14 9.69 147.53 16.84 43.44 0.19
21 18.14 252.26 16.91 135.98 0.30
28 32.88 490.46 2.21 329.23 0.99
35 3.42 872.13 2.81 139.09 0.05
Strain LF2
Age, day σb b0 1 σb0
2 σb1
2 σe2 rb b0 1
14 10.64 101.47 10.51 57.38 0.33
21 23.03 264.73 21.23 110.44 0.31
28 15.20 456.04 3.47 240.99 0.94
35 6.40 438.39 22.03 226.81 0.27
σb b0 1 Covariance between intercept and slope.
σb0
2 variance of intercept.
σb1
2 variance of slope.
σe2 residual variance.
rb b0 1 correlation between intercept and slope.
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change. If parameters present a positive correlation, the genotype
will increase the performance with environment improvement; on
the other hand, a near zero correlation value indicates that the
breeding value of the animal has no change with environment
improvement.
Heritability estimates for BW at different ages of LF1 and LF2
strains were altered with changes in the dietary (MetþCys):Lys
ratio (Fig. 1). Heritability was different between LF1 and LF2. For
BW at day 14, LF1 presented reduction of heritability for 0.66- and
0.71-dietary (MetþCys):Lys ratio and, increasing the environ-
mental gradient, the heritability increased due to increase in the
additive genetic variance. The LF2 strain had a reduction on her-
itability estimates as the environmental gradient increased, be-
cause of different contributions of genetic variation onto pheno-
typic variation of the trait. In selecting phenotype, when the het-
erogeneity of variance is ignored and selection intensity is high,
there is a tendency to select more animals from environments inwhich the variance is greater, because in these environments an-
imals with more extreme breeding values are found.
Heritability estimates for BW on day 21 were greater for 0.61-
dietary (MetþCys):Lys ratio in both LF1 and LF2 (Fig. 1). Greater
estimates indicate that most of the phenotypic variation in the
studied population is related to additive genetic effects, since the
residual variance was considered homogeneous, allowing obtain-
ing considerable genetic gain through selection. Some authors
(Santos et al., 2008; Veloso et al., 2015), using reaction norm
models, reported that models with homogeneous variance best
ﬁtted the data. However, the difference of these estimates suggests
that the response to selection is different for diverse dietary
(MetþCys):Lys ratio. The LF1 strain had a reduction in heritability
for 0.66- and 0.71-dietary (MetþCys):Lys ratio, but with increase
of this ratio, heritability estimates increased due to greater genetic
variation of quails in the environment.
The genetic variance presented a different behavior between
strains (Fig. 2). The LF2 strain had a reduced genetic variance when
increasing the dietary (MetþCys):Lys ratio. However, LF1 had an
increased genetic variance, providing the same trend for
heritability.
From day 22, quails were fed diets containing the same dietary
(MetþCys):Lys ratio in order to evaluate the residual effect of diets
provided during the initial phase. Heritability estimates of BW on
day 28 of LF1 were greater for quails fed greater dietary (Metþ-
Cys):Lys ratio from birth to day 21 because they had greater ad-
ditive genetic variations. Thus, the increase in additive genetic
variance throughout the environmental gradient indicates that,
exposed to improved environmental conditions, there will be a
greater output to selection as a result of the increase in the genetic
potential expression of animals. On the other hand, for LF2, her-
itability estimates reduced with the increase of the environmental
gradient, which indicates that LF2 quails are less demanding than
LF1 quails. The greatest heritability estimates in lesser environ-
mental gradients occurred because the contribution of genetic
effects are greater than the environmental effects providing
greater response to selection at the least environmental gradients
compared with other environmental gradients.
3.2. Environment interactions by correlations
Altogether, the estimates of genetic parameters for BW of quails
among studied dietary (MetþCys):Lys ratios were greater in LF1
compared with LF2 strains, either during the initial (14 and 21
days of age), and during the ﬁnal phase of the growing period (28
and 35 days of age; Table 6). For BW during the initial phase in
Fig. 1. Heritability for body weight of meat-type quails (Coturnix coturnix) from LF1 and LF2 strains at 14, 21, 28, and 35 days of age, according to dietary (methioni-
neþcystine):lysine ratio.
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(MetþCys):Lys ratios of 0.76 and 0.81 with 0.61 (BW at 14 days of
age), and 0.81 with 0.61 and 0.66 (BW at 21 days of age). Breeding
values of LF2 for BW measured on day 35 had greater inﬂuence of
the residual effect of diets provided during the initial phase of the
growing season for certain dietary (MetþCys):Lys ratios (0.61 and
0.81) because quails presented a re-ranking of the breeding value.
Genetic correlations below 0.80, for the same trait evaluated in
different environments, suggest G E interaction, and therefore
assumes an important role in the trait expression. In this context,
genetic correlations greater than 0.80 indicate that most of theFig. 2. Genetic variance for body weight of meat-type quails (Coturnix coturnix) from L
nineþcystine):lysine ratio.genes responsible for the expression of a particular trait is acting
similarly in different environments (Robertson, 1959). Correlations
less than 0.80 observed in the current evaluated environments
indicate a great and important G E interaction which provided
the re-ranking in the classiﬁcation of animals among environ-
ments. Thus, when the interaction is considered important, some
of the genes controlling the trait in a particular environment are
different from the genes that control the same trait in another
environment, i.e., some of the genes that affect the trait express in
one environment but not in another one. Therefore, reduced va-
lues of estimates of genetic correlations encountered in theF1 and LF2 strains at 14, 21, 28, and 35 days of age, according to dietary (methio-
Table 6
Estimates of genetic correlations between body weight of quails of strains LF1 (above the diagonal) and LF2 (below the diagonal) at 14, 21, 28, and 35 days of age, for different
studied dietary (methionineþcystine):lysine ([MetþCys]:Lys) ratios, considering residual variance homogeneity.
Item 14 days of age
Dietary (Met+Cys):Lys ratio 0.61 0.66 0.71 0.76 0.81
0.61 - 0.96(±0.017) 0.84(±0.076) 0.67(±0.080) 0.50(±0.100)
0.66 0.98(±0.010) - 0.96(±0.026) 0.85(±0.078) 0.72(±0.120)
0.71 0.91(±0.055) 0.97(±0.019) - 0.97(±0.018) 0.89(±0.050)
0.76 0.76(±0.140) 0.86(±0.088) 0.96(±0.027) - 0.98(±0.001)
0.81 0.55(±0.200) 0.69(±0.182) 0.84(±0.096) 0.96(±0.024) -
21 days of age
Dietary (Met+Cys):Lys ratio 0.61 0.66 0.71 0.76 0.81
0.61 - 0.98(±0.057) 0.92(±0.084) 0.80(±.090) 0.67(±0.190)
0.66 0.98(±.009) - 0.98(±0.026) 0.90(±.100) 0.79(±0.160)
0.71 0.92(±.049) 0.97(±0.016) - 0.98(±.026) 0.91(±0.086)
0.76 0.80(±.120) 0.89(±0.074) 0.97(±.022) - 0.98(±0.019)
0.81 0.63(±.220) 0.75(±0.157) 0.88(±.080) 0.97(±.020) -
28 days of age
Dietary (Met+Cys):Lys ratio 0.61 0.66 0.71 0.76 0.81
0.61 - 0.99(±0.031) 0.99(±.090) 0.98(±.110) 0.97(±.200)
0.66 0.99(±0.013) - 0.99(±.024) 0.99(±.0,087) 0.98(±.175)
0.71 0.99(±0.056) 0.99(±0.015) - 0.99(±.019) 0.99(±.069)
0.76 0.97(±0.133) 0.99(±0.063) 0.99(±.017) - 0.99(±.015)
0.81 0.96(±0.251) 0.97(±0.149) 0.98(±.070) 0.99(±.019) -
35 days of age
Dietary (Met+Cys):Lys ratio 0.61 0.66 0.71 0.76 0.81
0.61 - 0.99(±0.010) 0.99(±0.040) 0.98(±0.090) 0.96(±0.161)
0.66 0.98(±0.020) - 0.99(±0.010) 0.99(±0.041) 0.98(±0.092)
0.71 0.93(±0.045) 0.98(±0.029) - 0.99(±0.010) 0.99(±0.041)
0.76 0.85(±0.088) 0.93(±0.060) 0.98(±0.022) - 0.99(±0.010)
0.81 0.74(±0.133) 0.84(±0.099) 0.92(±0.069) 0.98(±0.011) -
L.F.M. Mota et al. / Livestock Science 182 (2015) 137–144142current study suggest a G E interaction for BW trait, varying
according to environmental gradient, causing marked changes of
these breeding values and changes in the ranking of breeding
values for BW of meat-type quails (Fig. 1).Fig. 3. Reaction norms of breeding values for body weight (BW) of meat-type quails du
(methionineþcystine):lysine ratios.3.3. Reaction norm
The reaction norms of 25 quails (LF1 and LF2 strains), randomly
sampled in each of the four BW measurements (day 14, 21, 28, and
35), indicated a change in sensitivity of breeding values related toring the initial phase (day 14 and 21) of LF1 and LF2 strains fed increasing dietary
Fig. 4. Reaction norms of breeding values for body weight (BW) of meat-type quails during the ﬁnal phase (day 28 and 35) of LF1 and LF2 strains fed increasing dietary
(methionineþcystine):lysine ratios.
L.F.M. Mota et al. / Livestock Science 182 (2015) 137–144 143changes in the nutritional level in all analyses performed by age
and strain (Figs. 3 and 4) with changes in the ranking of breeding
values in the different (MetþCys):Lys ratios. This is consistent
with the magnitude of genetic correlations, and random regres-
sion coefﬁcients.
Breeding values of LF1 and LF2 quails were affected by changes
in the environmental gradient. At 14 and 21 days, this change was
more intense in both strains, which represents a problem for ge-
netic improvement, since the more productive quails, selected for
a speciﬁc dietary (MetþCys):Lys ratio, would not express their
whole genetic potential if fed diets containing a different dietary
(MetþCys):Lys ratio (Fig. 1).
There were changes in the dispersion of the breeding values
according to the environmental gradient, including changes in the
breeding value rank of LF1 and LF2, suggesting a greater degree of
G x E interaction (Figs. 3 and 4). Breeding value of LF2 quails for
BW at day 35 altered according to environmental gradient.
Therefore, genetic evaluations performed for quails fed diets
containing certain dietary (MetþCys):Lys ratio result in change in
the ranking of breeding values when the environment were
changed from a less favorable to a more favorable condition. These
changes of predicted breeding values in distinct production levels
can ﬁrstly reﬂect differences in nutritional requirements, and
secondly can support the choice of the environmental gradient in
which quails would express their genetic potential.4. Conclusion
In summary, genetic evaluations performed in quails fed diets
containing a speciﬁc dietary (MetþCys):Lys ratio do not permit
the prediction of breeding values for other dietary (MetþCys):Lys
ratio. The LF2 strain had greater sensitivity to changes in the
dietary (MetþCys):Lys ratio, and greater residual effect of diets
provided during the initial phase of the growing period. We con-
clude that selection population must be fed with same dietary
(MetþCys):Lys ratio that commercial populations are fed.Conﬂict of interest
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